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Abstract

Processes during laser plasma experiments typically have time scales that are less than
100 ps. The measurement of these processes requires X-ray detectors with fast temporal
resolution. We have measured the temporal responses and linearity of several different X-
ray sensitive Photoconductive Detectors (PCDs). The active elements of the detectors
investigated include both diamond (natural and synthetic) and GaAs crystals. The typical
time responses of the GaAs PCDs are approximately 60 ps, respectively. Some

characterizations using X-ray light from a synchrotron light source are presented.
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Introduction:

High energy density experiments at high energy density (HED) laser plasma and
pulsed power facilities create transient plasmas with durations of 1 to 10+ ns.
Experimenters wish to measure the time history of the emission from the ultraviolet, X-
ray, gamma ray, etc. from the source with high bandwidths or with time resolutions of 0.1
ns or better' 2. To accomplish these measurements requires not only fast data transmission
systems but also high bandwidth detectors that are sensitive to the radiation of interest.

For the X-ray spectral band typical detectors are the X-ray diode (XRD) or
microchannel plate detector (MCP). XRDs can have speed around 150 ps or better and
have been used on laser plasma experiments and Z pulsed power experiments at Sandia
National Labs’. One detector that can potentially can record signals with 10 ps time
resolution is the photoconductive detector (PCD). There are several types of
commercially available PCDs. They can be made from either diamond or GaAs. NuTrek
has recently produced GaAs PCDs that promise sub picosecond response *. Diamond
PCDs have been successfully used for X-ray measurements in laser produced plasma

experiments at the OMEGA Laser facility at the Lab for Laser Energetics’.

Photoconductive Detectors:

In an (XRD), an incident photon produces an electron in the cathode material
through the photoelectric effect. The liberated electrons in the detector become the
detected current. The signal production mechanism in a PCD is much different from that
of an XRD. The PCD works through a change in conductivity. When particles or light of
energy greater than the band gap are absorbed in the material, free electrons and holes are
created. The excited free carriers have high mobility and this increases the conductivity.
The difference in the conductivity with an applied radiation source is much larger than
without the source since the number of thermally generated carriers is negligible.

With the application of a bias voltage, V, the current flowing through a PCD can
be expressed as:
euV
v

where e is the electron charge, A is fraction of the radiation that is absorbed, T is the
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carrier lifetime, w is the carrier mobility, P is the incident power, y is the energy required
to produce electron hole pair (4.3 eV in GaAs, 15 eV in diamond), and L is the detector
electrode separation. The current is proportional to the incident energy flux as well as the
carrier lifetime. The fast time response is possible since the current is proportional to the
conductivity and NOT the collected charge.

The current flows through the higher conductivity regions of the PCD when
illuminated with radiation. The conduction region can be in either the surface or the bulk
material depending on the absorption region of the radiation. The mean free path of
photons in a diamond is about 1 wm for photons < 1 keV in energy and 1 mm for 10 keV
photons. When absorption is strong (< 2 keV X-rays), light is absorbed close to the
surface. For surface conduction, the charge collection distance is given by d = utV,;,/L°.
To form a continuous conducting layer across the face of the PCD, it must be illuminated
within a distance, d, of the electrical contacts. For natural diamond d ~ 100 um

Electrically, a PCD can be modeled as a capacitor, C, and a resistor, R, in parallel
that are in series with a resistor S (see Figure 1). The capacitance is constant and R is
inversely proportional to the power of the illuminating radiation. The resistance S is the
fully saturated PCD resistance value. The cable impedance is Z,. With this electrical
model the current as a function of the dose rate is not linear. Hodson and Canada have
derived a relationship to correct the observed signal to higher approximately linear
signals [’].

V,

bias
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The system impedance, the hard saturation and the bias voltage must be known fairly
well.

Diamond is a natural photoconductive detector. GaAs does not work as a PCD
until after irradiation. Irradiating a GaAs sample with neutrons damages the lattice and
transforms it into a photoconductive material. This damage decreases the carrier lifetime,

7, and makes the PCD faster. The gain of the PCD can be written as [*]:
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Therefore, the current or sensitivity from a GaAs PCD decreases as the time response
increases.

In this paper, three different PCDs are compared. Two are diamond PCDs. The
natural diamond detectors are produced by D-RAD Inc. They are 1x3x1 mm (WxLxH)
The other diamond PCD is created through chemical vapor deposition (CVD) and was
packaged at LLNL. The diamond was 10 mm in diameter and 1 mm thick. On each side
of the diamond were coated electrical contacts 8mm in diameter Au. Two GaAs PCDs
are GaAs-100ps and GaAs-30ps and are from NuTrek. The GaAs PCDs are 1x3x1 mm
(WxLxH).

Time Response:

The characteristics of the diamond and the GaAs PCDs have been investigated
using short pulse laser light. The laser system used is a Ti:Sapphire, Chirped Pulse
Amplification (CPA) based Class 4 femtosecond laser system. The output of the laser
amplifier is 800 nm, 150 fs (nominal), 10 mJ (nominal), at 10 Hz repetition rate. The
output is propagated through a set of non-linear, BBO crystals to generate 4w (200 nm)
light pulses. The pulses were used to illuminate and to characterize the PCDs. The spot
size of the laser was 6 mm in diameter and was larger than the area of the PCDs. The
recorders used for these tests were a TDS 694C and TDS 6804 with a bandwidth of 3
GHz and 8 GHz, respectively. The recorded response of the detectors depends only on
the intrinsic response of the recorder and the detector since the laser pulse is so short. For
these tests all the PCDs were biased with 100 V. The PCD responses were recorded at
different levels of intensity of the laser. This was achieved through the use of neutral
density filters. This data was used to determine the time responses, dynamic range and
linearity of the PCDs.

Typical time responses of the four different PCDs to the laser pulse are given in
Figure #2. The CVD detectors had the slowest response of T;o.90)~ 170 ps. The T4.99
reported is the transition time of the signal from 10% to 90% of its full range. The
Natural Diamond PCDs transition time was on the order of ~ 100ps. The T 4.4, 0f the
GaAs PCDs were given by NuTrek to be 30 ps and a 100 ps. The measured response
times of the to PCDs are almost identical. The GaAs-100ps and GaAs-30ps transition



time were ~ 70 ps and 60 ps, respectively. The full width half maximum time, T gy, Of
the recorded pulse of the CVD and the natural diamond PCD were ~ 500 ps and ~ 200 ps,
respectively. They both had fairly long decays. The Ty of the GaAs PCDs was ~ 100
ps. It should be noted that the response time of the TDS6804 was close to the measured
response time of the GaAs PCDs. The reported time responses are probably an upper

limit.

Linearity/Dynamic Range:

The linearity and dynamic range for each type of PCD were also investigated by
varying the laser energy deposited onto the PCD. The energy deposited on the detector
under study was varied from 0.001 to 10 wJ by attenuating the laser with neutral density
filters. Figure #3 shows the plot of peak voltage from the different types of PCDs as a
function of deposited energy. Each PCD type had a different sensitivity to the laser light.
The Natural Diamond and he GaAs-100ps had the highest sensitivity to the laser light.
The GaAs-30ps PCDs were about a factor of 10 less sensitive than the GaAs-100ps ones.
This difference is roughly consistent with NuTrek’s specifications. The CVD PCDs had
the least sensitivity. The natural diamond data is a compilation of 10 PCDs. Two GaAs-
30ps PCDs were included in the figure. The other data are from single detectors. All the
PCDs are fairly linear over at least 2-3 orders of magnitude. This was the limit of the
measured range. The GaAs-100ps detector appears to show some non-linearity at about 1

uJ of deposited energy.

X-ray Characterizations:

The Natural Diamond PCDs were irradiated at the Brookhaven synchrotron light
source with X-rays between 2 - 6 keV. The PCDs were placed behind different Ta
apertures which were used to block the X-ray from all surfaces but the PCD active area.
Apertures of several sizes were used. One just allowed X-rays onto the active surface of
the PCD and was 1xImm square. The other allowed X-rays to hit the electrical contacts
of the PCDs. The PCD was also scanned systematically into and out of the beam. The

PCD response was substantially different depending on where the X-rays hit the detector.



The response changed dramatically whether or not the PCD active area was illuminated
within a diffusion length of the electrical contact. If the entire PCD area was not
illuminated, the increased conductivity region did not connect both electrical contacts and
the current recorded was less. Also, the PCD response increased dramatically if the
electrical contacts and solder joints were illuminated with X-rays. X-rays hitting the
solder joints caused the emission of photo-electrons similar to those created in an XRD.
Sn and Pb absorption edges in the solder were determined to be the contributors to the

photo-electron emission.
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Figure Captions:
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Figure 1: Electrical schematic of the PCD.
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Fig. 2: Time response of several different PCDs when exposed to 200 nm laser light.
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Fig. 3: Linearity and sensitivity of several different PCDs when exposed to 200 nm laser

light.
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